We investigate regional patterns in employment of less-educated men in Japan from 1990 to 2007. The employment-population ratio of junior high school graduate men (9 years of compulsory schooling) decreased from 1990 to 2007. Wage growth across regions had a unique pattern during this period: it was high in the low-wage regions in the 1990s but high in the high-wage regions in the 2000s. We use these regional variations in wage growth to identify the labor supply elasticity of less-educated men. The estimated elasticity of the employment-to-population ratio of junior high school graduate men is around 0.15. JEL classifications: J21, R11
Introduction
During the last two decades, labor force participation of less-educated men and women fell in Japan. Among junior high school graduate men aged 25-59, the employment-population ratio (E-P ratio) was 0. In the 1990s, wage growth had been higher in the low-wage regions than in the high-wage regions. However, in the early to mid-2000s, the opposite was true: wage growth was higher in the high-wage regions than in the low-wage regions.
Although the E-P ratio of less-educated men seems to have been falling continuously overall, how such patterns possibly differ across regions is not well-known.
Furthermore, the Japanese economy went through rather significant business cycle movement from 1990 to 2007, and as a result, wage growth differed in a unique way across regions and across time. In this paper, we use these regional variations in wage growth to identify the labor supply elasticity of less-educated men. Then using the estimates, we assess whether the recent decline in employment of this group is a response to falling wages. 1 For that purpose, aggregate data of participation and microdata of wages are used.
Understanding the causes of the fall in participation by less-educated men has important policy implications. If the decline in employment is understood as a labor supply response to falling wages, as in the case of studies using American men (e.g., Juhn 1992) , then policies aimed at changing the after-tax wage rate for low-wage workers would be expected to raise participation. If, on the other hand, the decline in participation cannot be understood as a supply response to falling wages, then other factors are likely to have played a role. Analysis at the regional level is also important because, employment of the less educated comprises one of the important aspects concerning regional disparities in economic well-being.
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Using the repeated cross sectional data, we find that the extensive-margin labor supply elasticity of less-educated men is around 0.15. Given this estimate, the secular decline in the E-P ratio of this group cannot be explained as a labor supply response to low wage growth. As a result, the possible causes for the decline are (a) leftward shifts of the labor supply curve or (b) people not attaining their desired labor supply choices 1 Although several studies have looked at the regional differences in unemployment in Japan in the 1990s (e.g., Ohta 2005; Yugami 2005 ), we are not aware of any research that examines the effects of differential wage growth across regions on labor force measures. 2 In Japan, regional disparities in employment are larger for the less educated than for the highly educated.
and being off the labor supply curve (involuntarily unemployed). This is in contrast with the findings in the U.S. literature in which it has been argued that falling wages caused less-skilled men to reduce participation (Juhn et al. 1991 , Juhn 1992 ).
This article is organized as follows. In Section 2, background for the analysis is provided. In Section 3, the data used in the analysis are explained. Section 4 presents facts on the migration patterns of cohorts, which are important for estimation of wage elasticity. In Section 5, employment patterns across regions from 1992 to 2007 are shown as raw tabulations. Estimates of labor supply elasticity are reported in Section 6.
Section 7 concludes.
Background
Several previous studies have examined the relationships between participation and wages using cross sectional data for the United States, based on a labor supply framework. Juhn et al. (1991) and Juhn (1992) estimate the relationships between the E-P ratio and wages for men from 1968 to 1988 when the participation of less-educated men fell significantly. Juhn (1992) reports that the wage elasticity of participation of less-educated men is positive and significant, and furthermore, the wage change explains most of the fall in participation of white men. Pencavel (2002) estimates labor supply elasticity for men using data from 1968 to 1999. He shows that the estimates for intertemporal substitution elasticity are positive while those for uncompensated elasticity are negative, and argues that estimates obtained by Juhn et al. (1991) and Juhn (1992) are close to intertemporal substitution elasticity. While these studies tend to find large positive wage elasticity of less-educated men, Devereux (2003) reports some contradictory evidence based on estimates using regional variations in wage growth. He finds that the magnitude of elasticity estimates is sensitive to specifications and that men's wage elasticity is small in his preferred specifications.
Studies that relate regional variations in wage growth to participation in the United States include Juhn et al. (1991) and Devereux (2003 Devereux ( , 2004 . Our specification in this article is close to theirs because we relate regional differences in employment growth to regional variations in wage growth.
One study closely related to our work is that of Kuroda and Yamamoto (2008) , in which the authors estimate wage elasticity of labor supply using aggregate data for Japan. Our framework differs from that of Kuroda and Kuroda and Yamamoto (2008) use data aggregated over education levels.
The level and time-series variations for employment differ sharply depending on education (Abe 2009 ). Furthermore, the elasticity at the extensive margin is of interest in a policy context (e.g., Saez 2002) .
Second, our analysis is more focused on regional patterns of employment than that of Kuroda and Yamamoto (2008) . We exploit the unique wage growth patterns in the 1990s and 2000s in estimating labor supply elasticity. In addition, we explicitly
show the differing employment patterns in the high-wage and low-wage regions.
Finally, our specification estimating the impact of wage growth on changes in the E-P ratios does not include many of the control variables Kuroda and Yamamoto (2008) employ, such as year dummies, population share, or regional industrial structure.
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Aside from wage growth, we include only age dummies in the first-difference specification. Our specification is close to many of the labor supply 3 In empirical labor supply literature, education is considered an important piece of information. There are arguments over whether or not education should be included in the labor supply equation (e.g., Pencavel, 2002) . However, even in the case when it is not included in the labor supply equation, it is used as an important instrumental variable (IV) for predicting wage. In this article, we take the approach that education directly affects labor supply. Separate estimation by education is also motivated by the fact that the value of labor supply elasticity could differ across skill levels. For example, Juhn (1992) shows that participation is more elastic to wage for workers at the lower end of the wage distribution. 4 Some of these variables are the ones that affect the labor demand side and not the labor supply side. In a narrow sense, labor supply is affected by the demand side variables only through its impact on wages: Ham and Reilly (2002) explain this as wage being a "sufficient statistic" of demand-side factors in a labor supply model. The implication is that if we include wage variables in the labor supply equation, other demand side variables should not affect labor supply, as long as choices observed in the data are on the labor supply curve. models estimated using the U.S. data (e.g., Pencavel 1998 , Devereux 2003 .
In terms of methodology, our analysis uses the grouped data estimation of labor supply models: this approach typically takes a two-step procedure in which the cell-mean is obtained from microdata in the first stage and cell-level labor supply measures are regressed on cell-mean wages and other cell-level covariates in the second stage. Numerous empirical studies on labor supply use this methodology (e.g., Angrist 1991; Blundell et al. 1998; Pencavel 1998; Devereux 2003; 2004; . 5 The primary motivation in these studies for using the grouped data approach is to address the problem of measurement error in hourly wages. In our case, however, the grouped data approach is employed because of the lack of microdata. The published aggregate data allow us to obtain the counterpart of cell-mean data.
Data

Employment data
The employment data used in this article are from the published version of the Employment Status Survey in 1992 , 1997 Ministry of Internal Affairs and Communications of Japan). We use data classified by education (junior high school graduates, senior high school graduates, junior college graduates, and university graduates or above), age group (5-year intervals) and sex for 47 prefectures. In order to minimize the possible impact of school enrollment at young ages and retirement at old ages on participation, we focus on men aged 25-59. As a measure of participation, we use the E-P ratio, which is the number of workers divided by population. The workers here include all types of employment, including wage and salary earners and the self-employed.
The sampling errors of prefecture-level cell-mean data on employment and wages of junior high school graduate men are large because the sample sizes are small for some of the cells. It is reasonable to pool prefectures into a small number of groups in order to reduce the sampling error. In this article, we use the minimum wage ranks (consisting of four groups) to categorize prefectures. With the minimum wage rank, prefectures are classified into groups according to wage levels.
In the following analysis, 47 prefectures are classified into the high-and low-wage regions based on the four minimum wage ranks (A to D) in 1990. 6 The classification in 1990 is referred to as the "minimum wage rank" in the rest of the article. 6 The minimum wage ranks are the classification of prefectures used for the minimum wage setting in Japan; see Kawaguchi and Yamada (2007) for a detailed explanation of minimum wage setting and the minimum wage ranks. The classification of prefectures into minimum wage ranks is shown in Table A1 .
The Rank A region is the set of highest-wage prefectures, while the Rank D region corresponds to the lowest-wage prefectures.
Wage data
For wages, we use microdata of the Basic Survey of Wage Structure (BSWS, Ministry of Health, Labour and Welfare of Japan) for years 1992, 1997, 2002, and 2007. We aggregate the microdata to the cell level, in which the cells are defined by prefecture, sex, education, and age group, so that they match the employment data. We use wages for male full-time employees because information on education is available only for full-time employees in the BSWS. Full-time hourly wage is defined as monthly earnings divided by total monthly hours, where the monthly earnings are monthly salary (shoteinai kyuyo) plus the one-twelfth of bonus payment from the previous year, and the total monthly hours are the sum of regular hours plus overtime hours. 7 The mean hourly wage for each cell is used as the wage measure. The reason we do not analyze women in this paper is that, when the sample is restricted to junior high school graduate full-time working women, the sample sizes for some cells are too small, with some being less than 5.
Residential pattern of cohorts
In the subsequent analysis, we track the labor force experiences of people with the same level of education living in the same prefecture for several points in time. One might have thought that in the presence of migration, a regional variable cannot be used to define the "cohort" in using repeated cross sectional data: that is, a combination of sex, birth year, education, and the place of residence cannot be used to define a cohort in In other words, the cohort born in 1958-1962 is the "turning point" cohort in that the propensity to live in the high wage area reversed the tendency that had been observed until then.
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To evaluate the stability of the population across the regions (defined by the minimum wage rank), we run regressions in which the proportion of residing region is the dependent variable and the cohort dummies and age are the independent variables.
The results are shown in Table 1 . If the population distribution is stable for the same cohort across years, then the coefficient of age should be close to zero, and the coefficients of cohort dummies should explain the variation in the dependent variable (if there are inter-cohort variations). Table 1 show that this is indeed the case: the coefficient of the age variable is very close to zero (the absolute value of the age/10 variable never exceeds 0.004, implying that in 10 years, the proportion of those living in each region changes less than 0.4 percent). For junior high school graduate men, the cohort dummies and linear age explain more than 95 percent of the variations in data when corresponds to Rank A and Rank D. Given this evidence, we define cohort by birth year and region of residence in the rest of the paper, and estimate labor supply elasticity. To gauge the regional patterns in employment, we begin with a simple tabulation of the E-P ratios by education, age group, and region. In Figure 2 , the E-P 10 Of course, if inter-cohort variations are small, cohort effects should be close to zero. However, Figure 1 suggests that inter-cohort variations are possibly large.
ratios are plotted against age, by education and birth year, for the four regions of the minimum wage rank. The lines are connected for each cohort (defined by sex, education, and birth year) so that they correspond to lifecycle experiences of the E-P ratio. 11 The subsequent analysis is based on junior high school graduate men, but for the purpose of comparison, the E-P ratios of the cohorts of senior high school graduate men (12 years of schooling) are shown as well. The notable pattern from Figure 2 is that the E-P ratio of junior high school graduate men fell as cohorts aged, for many of the older cohorts.
There are also significant across-cohort variations in the E-P ratio: the cohort profiles for cohorts born later are generally located below those of earlier cohorts. In particular, the largest decline seems to have taken place from the cohorts born after 1953, although the patterns differ somewhat across regions. 12 For the purpose of estimating labor supply elasticity, the falling E-P ratio (with age) shown in Figure 2 is regressed on the wage changes during the same period.
11 Figure 2 is drawn using the E-P ratio aggregated to the four minimum wage ranks, but the unit of observation in the regression analysis is at the prefecture level. 12 These inter-cohort differences could be related to the residential distribution of junior high school graduates shown in Figure 1 .
6 Estimation of labor supply elasticity 13 6.1 Specification
We now turn to estimation of labor supply elasticity using prefecture-level cell-mean data. The unit of observation for the cell-mean data is a cell defined by education, birth year group (5-year intervals), and prefecture. In the following, we confine our attention to male junior high school graduates.
The specification we estimate is the following first-differenced form: It is important to note that specification in (1) assumes that the data show outcomes of workers' optimal choice or on the labor supply curve. Therefore, we do not include variables that are unlikely to be included in the labor supply function. However, if the assumption of being on the supply curve is not valid and workers are forced to be off the supply curve, variables other than wage, income, or taste shifters may have explanatory power in explaining Δ .
It must be kept in mind that sampling errors of the mean wage measures here are rather large, and sampling errors in the growth rates of the wages are even larger.
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To account for measurement error in the wage growth variable, we use region dummy variables (the minimum wage rank dummies), period dummies (those for 1992-1997, 1997-2002, and 2002-2007) , and their interactions as instruments.
In choosing these instruments, we exploit the unique wage growth patterns of less-educated workers in the 1990s and 2000s. As shown in Table 2 The use of period dummies (or similar variables related to time) as IVs in estimating the labor supply equation is common in the literature (e.g., Angrist 1991; Devereux 2003 Devereux , 2004 . 18 We also experimented with using cohort dummies as instrumental variables. Since age, cohort, and time are linearly dependent, some restriction has to be made in the first-stage regression. When we set some of the age coefficients to zero and include cohort dummies, the R 2 from the first stage regression increases only slightly, so we do not pursue using cohort dummies as instruments.
Wage growth from 1992 to 2007: First stage regression results
We begin with the examination of wage growth pattern during the sample period, which serves as the identifying assumption in estimating labor supply elasticity.
To gauge the pattern of wage growth by region, the first stage regressions for the IV regression are shown in Table 2 . The base group for the period is 1992-1997; thus, the minimum wage rank dummies capture the regional differences in wage growth during 
Estimation of labor supply elasticity
We now turn to the estimation results for labor supply elasticity. Equation (1) is estimated by weighted least squares (WLS) as well as IV regressions. We use two different sets of IVs: (a) period dummies, three dummy variables for the minimum wage rank, and the interactions of period dummies and minimum wage rank dummies, and (b) the variables in (a) plus industry composition of each prefecture. 19 For industry composition variables, we use the share of manufacturing, agricultural, and service industry workers among workers for each prefecture, from aggregate data of the ESS.
These are the industries for which the regional variations are large. Results are reported in Table 3 . Specifications differ in what is included in the X variables and the set of IVs.
The WLS estimates are small in size, but the IV estimates are larger, possibly reflecting measurement error in the mean wage variable.
The elasticities estimated from the WLS regressions are 0.1 or smaller, while those from the IV regressions range between 0.15 and 0.18. These are somewhat lower than 19 A possible concern for using the IV procedure is the problem of weak instruments. Among the IV regressions, we consider the one that uses interactions of minimum wage rank dummies and year dummies as the preferred specification. For this specification, the R 2 coefficient from the first stage regression is about 0.48 and the F-statistic is above 35. As a check for the instruments are orthogonal to the error term, the overidentification test statistics are reported in Table 3 . Mostly, the p-values of the test statistics are around 0.05. Considering that these tests tend to reject the null hypothesis too often, we believe the instruments are appropriate. the elasticity estimates of less-skilled men reported in Juhn et al. (1991) , which ranges from 0.2 to 0.35 (Juhn et al. (1991) ; Table 9 ).
6.4 Do wage changes explain the recent fall in employment by the less educated?
In the U.S. literature, the falling employment of the less educated is largely attributed to declining wages for these workers (e.g., Juhn 1992) . Is the falling employment of less-educated men in Japan understood as labor supply responses to falling wages? Since the coefficient of the constant term in Eq. (1) is negative in all of the specifications reported in Table 3 , it is clear that the E-P ratio of junior high school graduate men fell for reasons other than wages. To see whether the magnitude of the wage impact differs systematically across period and region (defined by the minimum wage rank), we calculate the actual changes in the E-P ratio and the changes predicted To check the robustness of our findings, we perform analyses similar to those reported in Sections 4, 5, and 6 using the aggregate employment data from the Census in 1990 and 2000 (for which information on respondents' education is collected) and the BSWS data in 1990 and 2000. 21 The residential patterns and changes in participation are similar to the ones in the ESS data (Appendix B), which means that the patterns of regional migration and the decline in the E-P ratio reported in Sections 4 and 5 are robust.
Since our Census data consist of only two time periods, there is only one first-difference for each combination of prefecture and age group. Therefore, the period dummy and its interactions with region dummies cannot be used as instruments; thus, only the WLS regressions are estimated. The results are reported in Table B1 . The WLS estimates from the Census data are close to the WLS estimates from the ESS data.
Conclusion
In this article, we investigate the regional patterns of wage growth and changes in employment in Japan from 1990 to 2007. The low-wage regions experienced higher wage growth in the 1990s but lower wage growth in the 2000s. Using aggregate data of the ESS from 1992 to 2007, we find that the extensive-margin labor supply elasticity of less-educated men is around 0.15. Given this estimate, the secular decline in the E-P ratio of this group cannot be explained as a labor supply response to low wage growth.
It is of interest to compare our results with those obtained in previous studies using the U.S. data. Juhn (1992) emphasizes the role of declining wages for the employment decline of the less-educated in the United States during the 1980s. She concludes that wage declines for the less-educated in the 1980s account for almost all decline in labor market participation for white men and about half of the participation decline for black men. Unlike the evidence reported by Juhn (1992) , this article shows that it is hard to interpret the employment decline of the less-educated as a labor supply response to falling wages in Japan. While the E-P ratio of the less educated fell from the 1990s to the mid-2000s, the extent to which the fall in employment is caused by wage changes is limited. Standard errors in parentheses. * significant at 5%; ** significant at 1%.
Source: Authors' calculation from the ESS (1992, 1997, 2002, 2007) . Base groups are age 40-44 for age dummies and Rank A for minimum wage rank dummies. The unit of observation is a cell defined by perfecture, period, and age group. There are three period for the first difference in wages : 1992-1997, 1997-2002, 2002-2007 . The base period is 1992-1997. ∆Logwage jt are deflated by CPI. All regressions are weighted by the weight explained in the text. Robust standard errors in parentheses. * significant at 5%; ** significant at 1%.
Source: Authors' calculation from the ESS (1992, 1997, 2002, 2007) and the BSWS (1992 BSWS ( , 1997 BSWS ( , 2002 BSWS ( , 2007 . 1992-1997, 1997-2002, 2002-2007 . The base period is 1992-1997. ∆Logwage jt are deflated by CPI. All regressions are weighted by the weight explained in the text. Elasticities are computed at the mean of 4 years. Robust standard errors in parentheses. * significant at 5%; ** significant at 1%. Chi 2 statistics for overidentification restriction is the statistics against the null hypothesis that the instruments are valid.
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